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ABSTRACT 
The technology of hydraulics plays a major role in the field of automation and modern machine 
shops. The aim is to design and develop a control system based on intelligent electronically 
controlled automotive bumper activation and automatic braking system is called automatic 
hydraulic bumper and braking system for the four-wheeler. The assignment involves Ultra-sonic 
transmitter and receiver route, Control Unit, hydraulic bumper system and braking system. The 
Ultra-sonic sensor senses an obstacle. If there is an obstacle closer than the vehicle (within 2 
meters), the control signal is transmitted to the bumper and the sensor activate the braking 
system simultaneously. The hydraulic bumper and braking system was used to protect the human 
and vehicle. 
 
1. INTRODUCTION 
 
1.1 Bumper 
 
 A bumper is a structure attached in the front and rear of an automobile to absorb the 
impact in a major collision and maximizing the repair costs. Bumpers have two safety functions 
minimizing height mismatches between vehicles, and also protecting pedestrians from injuries. 
current developments in vehicle design performs are the bumper arrangements and automobiles 
to consist of the plastic cover over a reinforcement bar made of steel, aluminum, fiberglass 
composite, plastic and etc. Specialized bumpers protect vehicles in rural environments from 
collisions with large animals. Still, past studies developed such bars improved that threat of death 
and serious injuries to ramblers in urban environments because bull bars are rigid and transmit 
all force of a collision to ordinary, unlike a bumper which absorbs some force and crumples. An 
abroad countries, the sales of strong metal bull bars and which do not comply with relevant 
normal protection security standards has been banned. Bumpers offer protection to other the 
vehicle components by dissipating the kinetic energy generated by a bumper is protects the 
vehicle components and passengers. The impact energy dissipation concentrated at extreme front 
and rear of the vehicle. Modern theories of the vehicles crashworthiness point in the opposite 
direction, towards the vehicles that crumple progressively. A completely rigid vehicle might 
have been the excellent bumper protection to the vehicle components. In front of the Shock 
absorber was gradually more being designed to moderate injuries to carriages struck by cars, 
such as through the use of bumper covers made of flexible materials and Front bumpers, 
especially, it has been lowered and made of softer materials, such foams and crushable plastics, 
to reduce the severity of impact on human body. 
 
V.Nivash et al. / International Research Journal of Automotive Technology 2018; 1(2): 29-36 
1.2 Automatic Braking 
In these technology uses the vehicles to sense an about to happen collision with another 
vehicle, person or obstacle or a danger such as a high brake applying to slow down the vehicle 
without knowledge of driver input. Sensors are used to detect other vehicles or obstacles in the 
radar, Video, infrared, ultrasonic or other technologies. GPS sensors can be detected and fixed 
dangers such as futures the stop signs through a location database. Automatic braking system can 
be used on after sensing barriers and executed in two modes. In smash prevention, the impact is 
avoided through automatic braking, but the car driver would not be warned by this type of 
system. There is an excellent chance to give wrongly interpreting the signals, especially in case 
of radars or lasers. So, this is not an operative method of automatic braking. In case of rear-ender 
mitigation system, the sensors perceive the possibility of a collision but will not take any 
instantaneous action. A warning will have sent to the driver in the system of a signal or else a 
voice message. There is threshold safe distance calculated by the system. If the chauffeur will 
not give any answer even when the vehicle crosses that constituency, after only brakes will be 
applied automatically. Several vehicles are provided the option of turning ON or OFF the 
automatic system based on their environments. In some more automobiles even though can’t be 
completely restricted, it can be limited to warning the driver about coming obstacle. This 
emergency braking initiates ABS which helps to the driver and retain the control over the vehicle 
without any slewing. The only programmed braking system is only an effective, or else may 
cause a lot of damage. 
 
2. COMPONENTS AND DESCRIPTION 
 
2.1 Double acting hydraulic cylinder 
It is a double acting hydraulic cylinder, which means that the oil pressure operates 
forward and backward strokes. The oil is taken from the oil tank and passing through the 3/2 
solenoid valve which controls the oil pressure to required amount by adjusting its knob. A 
pressure gauge is attached to the oil storage tank and showing the oil pressure. 
 
Fig. 1 Double acting hydraulic cylinder 
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2.2 Mechanical data 
Double acting hydraulic cylinder stroke length-100 mm and 50 mm, 100 mm cylinder is 
used for bumper actuation and 50 mm cylinder is used for braking arrangement. 
 
Table 1 Double acting hydraulic cylinder   specifications 
Parameters  Cylinder 1  Cylinder 2  
Working pressure  0-10 bar  0-10 bar  
Stroke length  100 mm  50 m  
 
2.3  3/2 Solenoid valve 
The directional control valve is one of most important parts of a hydraulic system. In 
solenoid valve is an electromechanically operated valve. This valve is controlled by a power-
driven current through a solenoid. In case of a two-port valve, the flow was switched on or off, 
here it is a three-port valve, the one is inlet flow and two outlet ports are outlet flow. 
 
 
Fig. 2 3/2 Solenoid valve 
Table 2  3/2 Solenoid valve specifications 
 
 
 
 
 
 
2.4 AC motor 
Electric motor is an electrical device, which    converts an electrical energy into 
mechanical     energy. Electric motors were used to produce direct (or) rotational force (torque). 
Type  3/2  
Voltage 220V AC  
Power  6VA  
Working pressure  2-10 bar  
Current  23A AC  
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Fig. 3 AC motor 
Table 3 AC motor specifications  
 
 
 
 
 
 
 
 
2.5 Oil storage tank 
An oil storage tank is a container designed to hold liquids at a pressure substantially 
different from the ambient pressure. The compressed oil is stored in oil storage tank, usually a 
large cylindrical steel container. From the oil tank, the compressed oil is supplied to various 
systems for use. A pressure gauge is provided on the oil tank to monitor the pressure of the oil. 
 
Fig. 4 Oil storage tank 
2.6 Braking system 
These type of brakes (Disk brake) uses the calipers to crush pairs of pads against a disc in 
order to generate the friction that retards the revolution of a shaft, such a vehicle axle, either to 
reduce its revolving speed to hold it static. The energy of motion is converted into a waste of 
heat that was dispersed. In present brake systems are the most generally used form of brake for 
motor-powered vehicles but the moralities of a disc brake are connected to closely any revolving 
shaft. A small double acting hydraulic cylinder is used to push the brake shoe with its piston rod 
linked to the brake lever. When the lever is pushed brake is applied. The brake caliper is attached 
to the disc. 
Rated power  0.25 HP  
Type  Single phase  
AC Voltage  220-240V  
Speed  1440 RPM  
Pole  4  
Mounting  Foot  
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2.7 Control unit 
The control unit is a component of a computers central processing unit that directs 
operations of a processor. It tells the computer’s memory, arithmetic/logic unit and input and 
output devices how to respond to a program’s instructions. 
 
2.8 Pin diagram of P89V51RD2 
 The Flash program memory supports both parallel programming also in a serial in this 
System Encoding (ISP). Parallel programming mode offers gang-programming at high speed, 
reducing programming prices and also time to market. ISP allows a device to be reprogrammed 
in the end product under software control. The ability to field/update to the application firmware 
makes a wide range of applications possible. 
 
 
 
Fig. 5 Pin diagram P89V51RD2 
 
2.9 Ultrasonic sensor 
The ultrasonic sensor is used to sense the obstacle and measure the distance between the 
vehicle and the obstacle. The ultrasonic sensor used is Ultrasonic Fluctuating Module HC - 
SR04. Ultrasonic ranging module HC - SR04 provides 2cm - 400cm non-contact measurement 
function, the ranging accuracy can reach to 3mm. The modules include ultrasonic transmitters, 
receiver and control circuit. 
 
 
Fig. 6 Ultrasonic sensor 
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Table 4 Electric parameters of ultrasonic sensor 
Working Voltage DC 5 V  
Working Current  15mA  
Working Frequency  40Hz  
Max Range  4m  
Min Range  2cm  
Measuring Angle  15 degree  
Trigger Input Signal  10uS TTL pulse  
Echo Output Signal Input TTL lever signal and the range in 
proportion  
Dimension  45*20*15mm  
 
2.10  Relay 
These kind of relays allows you to turn on or off a route using voltage or current much 
sophisticated than a microcontroller could lever. There is no connection between the low voltage 
circuits operated by the microcontroller also the high power circuit. The relay guards each circuit 
from each other. In each channel and the module has three connections named NC, COM, and 
NO. Depending on the input signal trigger mode, the jumper cap can be placed at a higher level 
active mode which „closes‟ the normally open (NO) switch at high-level input and at low-level 
active mode which operates the same then low level input. Working voltage is 5V and current is 
10A. 
 
3 WORKING PRINCIPLE 
The ultrasonic path is to transmit the ultrasonic waves. If any impediment there in a 
path, the ultra-sonic waves are reflected. These reflected ultrasonic waves are received by the 
receiver. The receiver circuit receives the reflected waves and giving the control signal to the 
control circuit. 
 
 
Fig. 7 Experimental setup 
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Fig. 8 Conceptual diagram  
 
The control circuit used to activate the solenoid valve. If the solenoid valve activated, the 
compressed oil passes to the Single Acting hydraulic Cylinder. The compressed oil activates the 
hydraulic cylinder and moves the piston rod forward. The bumper is actuated. When the solenoid 
valve gets actuated the compressed oil also goes to the small single acting hydraulic cylinder and 
actuates it. If the piston moves forward, then piston rod which is connected to the lever of the 
hydraulic disc brake pushes and hence the brake was applied. In these systems used to brake the 
wheel gradually or rapidly due to the piston movement. The compacted oil flow through the 
polyurethane tube to the flow control valve. The flow control valve is connected to the solenoid 
valve. 
 
4  CALCULATIONS 
 
Total stopping distance = Human perception    distance + human reaction distance + 
braking distance + distance covered in 1msec  
 
Braking distance, D Braking = (v
2/2µg) m   
Where, 
 v = Velocity before applying brakes      
 µ = coefficient of friction = 0.7 (for dry surfaces)     
 g = acceleration due to gravity (9.81)  
 
      D Braking = (3.167
2/2*0.7*9.81)   
 
Braking distance, D Braking = 0.73 m   
 
Here the human perception time and human reaction time are equal to „zero‟ because it is 
an automatic braking system.   
 
Total stopping distance = 0.73 m 
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Total braking distance = 0.73 + Bumper actuation length                 
                                       = 0.73 + 0.100               
                                       = 0.83 m   
Hence the sensors sensing range is set at 1.0 m 
 
Impact force 
     Mass of the vehicle = 22 kg  
Velocity of the vehicle = 15 km/hr = 4.167 m/sec 
Braking distance = 0.83 m  
By motion equation 2as = V2-U2 
 
Where,  
v = final velocity  
u = initial velocity  
a = acceleration  
s = braking distance  
 
2* a*0.83 = 02-4.1672 
              a = -10.46m/sec2 
Force, F = mass× acceleration  
           F = 22× (-10.46) 
           F = -230.12N 
           F = 230.12N 
 
5  CONCLUSION 
 
Finally, our conclusion is by using this system the prevention of vehicle from accidents 
and damage achieved. This system can be installed in both heavy duty as well as medium duty 
vehicles. Hence by using this system the accidents and damage to the vehicles can be minimized. 
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